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ABSTRACT 
 A study using 112 (116 while on pasture) fall born steers calves was conducted to 
evaluate the effect of plane of nutrition on skeletal growth. All steers were fall born 
calves obtained from one genetic source, Stewart Ranch in Caddo, Oklahoma. This 
genetically uniform group represented a blend of Angus and Hereford breeding. The four 
treatment groups were feedlot (F), July feedlot (JF), October feedlot (OF), and warm 
season pasture (WP). The F treatment group was placed directly into the feedlot as calves 
in early May when the trial began. The JF group was rotated among cool season grass 
paddocks from the onset of the trial until early July, at which time they were placed into 
the same feedlot conditions as treatment F. The OF group was rotated among cool season 
grass paddocks from the onset of the trial until late September, at which time they were 
placed into the same feedlot conditions as treatment F and JF. The WP group was rotated 
among cool season grass paddocks until mid June, at which time they were rotated 
among warm season grass paddocks until mid August when they were returned to the 
cool season grass paddocks until late September. Once removed from pasture in late 
September they were placed into the same feedlot conditions as treatments F, JF, and OF. 
Performance data was collected every 28 days which consisted of a hip height (HH) 
measurement and weight (WT). In addition, complete carcass data was collected at the 
time of harvest and feed consumption was recorded daily while steers were in the feedlot. 
Treatment groups were harvested at common end weights and similar degrees of 
maturity. Results show that an increased energy intake leads to a faster increase in HH 
and WT growth, along with the ratio of WT:HH. Also there was no indication of 
treatment differences between OF and WP. Most importantly, there was no difference in 
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the end point values of HH and WT between any treatments among the two measured 
traits or their ratios. These findings suggest that reduced energy intake does not lead 
toward increased skeletal growth during any stage of the growing phase or at a common 
stage of maturity. By evaluating the ratio of WT:HH, results indicate that there is an 
effect on body mass brought about by energy intake. At no similar points in the growth 
curve does any treatment exceed the F treatment in HH, nor does JF ever get exceeded by 
the OF and WP treatments in HH growth. The increase rate of ratio change in the F 
treatment compared to all other treatments, the intermediate change represented by the 
JF, and the depressed rate of change represented by treatments OF and WP, suggests that 
with an increase in energy intake there is a greater increase in WT gain in relationship to 
HH gain. These results indicate that nutritionally cattle can be altered in their pathway to 
a common end mature weight. But, more importantly, reduced energy intake does not 
lead toward increased skeletal size at any point during the growing phase nor does this 
management practice produce a larger animal at a common end point with respect to 
weight and visual appraisal of degree of finish.                      
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CHAPTER 1.  
INTRODUCTION  
 
The North American beef industry is rich in tradition; producers have successfully 
built on past generation’s experiences and in doing so have become world renown for the 
production of consistent high quality beef. Although strong respect for predecessors’ 
management practices has lead to a position that is second to none, it has not set the stage 
for rapid changes in management. Many management practices have been implemented 
in an effort to increase the return on investment of a group of cattle. One such practice is 
that of backgrounding cattle on low energy feedstuffs that can be utilized at little cost to 
the producer. In turn it is often believed that cattle managed in this manner can be 
marketed at heavier weights while maintaining desirable yield grades (YG). 
Understanding the dynamics behind this concept is to understand how management can 
influence the animal’s growth curve. Thus, the current study was initiated to evaluate the 
impact that feeding regimen might have upon skeletal growth in growing-finishing 
feedlot steers by using hip height measures as a determinant in identifying body growth.  
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CHAPTER 2.  
LITERATURE REVIEW 
Influence of frame size on the value of a beef carcass 
 
 
Multiple factors affect the value of a beef carcass, one of which is carcass weight 
(Nour et al., 1983; May et al., 1992; Pyatt et al., 2005). In fact, May et al.(1992) and 
Pyatt et al. (2005) clearly state the importance of financial value that hot carcass weight 
(HCW) has on the end value of a beef carcass. In the Pyatt et al. (2005) study, they 
showed a consistent increase in value per animal until the HCW exceeded the packers’ 
upper weight specifications. A study conducted in Japan by Kahi et al. (2007) illustrates 
the influence that the marketing scheme which cattle are sold on impacts the degree of 
importance each trait has on the final gross value. In Japan marbling is the most heavily 
weighted carcass trait in terms of financial impact and thus provides the greatest impact. 
Still, it was found that HCW was of moderate influence to the total value. Despite the 
differences in influence that HCW has on final gross value of a carcass, the latter two 
studies agree that it does have an impact. Knowing that, it is imperative that one 
considers the correlation of frame size to HCW. Studies conducted by Adams et al. 
(1973), May et al. (1992), and Dolezal et al. (1993), all agree that as frame size increases 
so does carcass weight. In addition Nour et al. (1983) indicate that as frame size increases 
there is an increase in the amount of lean tissue provided. Two studies indirectly 
supporting this concept compared breeds of different maturity patterns, (Koch et al., 
1979; LeVan et al., 1979) both report on the correlation of increase HCW and the 
3 
increase of lean available for retail sale. Knowing relationships such as these is the 
driving interest behind understanding how management can influence frame size.      
Extending the growth curve with genetics 
Trait selection is one way to make changes in the genotype of cattle. A study 
conducted by Nielsen and Willham (1974) shows how size is among one of the more 
heritable traits, thus allowing change to be made relatively quickly. By selecting cattle 
that are genetically predisposed to be larger framed will, in general, allow the fed cattle 
of that genotype to be marketed at heavier weights without surpassing the desirable yield 
grade (YG) (Adams et al., 1979). In addition, other advantageous traits are positively 
related to larger framed cattle. Studies conducted by Smith et al. (1976) and Adams et al. 
(1979), both of which utilized different breeds to represent differences in frame sizes, and 
Menchaca et al. (1996), who utilized differences in frame size within breed, all agree that 
larger framed cattle grow faster. Short et al. (1999) conducted a study utilizing Charolais 
and Line 1 Hereford sires, and the findings of their study indicated that, in general, the 
Charolais sired steers were more efficient in ADG and protein gains. They did suggest 
that management practices can moderate the differences in feed conversion between 
cattle with different genetic capabilities to grow. Additional findings from Bogart et al. 
(1963), Smith et al. (1976), and Short et al. (1999) agree that the faster gaining cattle do 
convert feed more efficiently. Understanding the growth curve can help one anticipate the 
endpoint of a group of cattle.  
Extending the growth curve with implants 
Implanting feedlot cattle is a very widely implemented practice. Evidence exists 
that implants effectively increase the growth performance of cattle, particularly when 
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dealing with small and medium frame steers. Along with Loy et al. (1988), Perry et al. 
(1991), and Guiroy et al. (2002) who show strong support of previous studies showing 
the attributes of implants, Loy et al. (1988) and Guiroy et al. (2002) clearly state the 
influence implants contribute to skeletal growth. Guiroy et al. (2002) indicate their 
studies are in full agreement with those of Loy et al. (1988) that implants influence 
skeletal size and relative maturation patterns as compared to controls. In the Loy et al. 
(1988) study many body dimensions were measured, such as, hip height (HH), wither 
height (WH), and BW/HH. The findings of their study indicate that implants have a 
positive correlation on HH, WH, and BW/HH. The effects that implants have on the 
growth and development of cattle have been extensively studied and the results are 
largely in agreement with one another.                     
Extending the growth curve via nutrition 
 Over the course of history there has been a economic incentive to background 
cattle, particularly cattle with small framed genotypes. Research spanning many years 
supports the concept of “developing the skeleton” of cattle by restricting energy intake 
during the growing phase (Callow, 1949; Dolezal et al., 1993; Owens et al., 1995). 
Although each study was designed differently, all clearly stated that reduced energy 
intake during the growing phase extended the skeletal growth pattern in cattle. McCarthy 
et al. (1985) conducted a study where the results showed that steers fed the lower energy 
dense diet developed a greater amount of muscle to fat ratio than did their contemporaries 
fed the higher energy dense diet.  
A study conducted by Eversole et al. (1981) reported on the impact of hormones, 
more specifically growth hormone (GH) and insulin. With regards to GH they report 
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“marginal” but not “significant” increases in GH in the steers fed the less concentrate 
diet. They did however find higher insulin levels in cattle fed higher levels of grain, 
which is in agreement with results found by Evans et al. (1975), Jenny and Polan (1975), 
and Schoonmaker (2003). It is important to know that in the Jenny and Polan (1975) and 
Eversole et al. (1981) studys corn silage was used as the base ingredient in the higher 
roughage diet. The nature of corn silage would leave room for debate as to whether it is 
considered roughage or a concentrate feedstuff. Also, Evans et al. (1975) utilized a 
limited amount of corn grain in their “high roughage” diet. Of the four studies mentioned 
that are in agreement in regards to the positive correlation between energy intake and 
insulin levels Schoonmaker et al. (2003) offers the only data were the low energy diet did 
not utilize a high energy whole grain.    
 Few direct disagreements toward previously mentioned studies have been 
published, though there are studies that do not fully support them. Such as, in the study 
done by Fox et al. (1972) where they reported that the total amount of energy and protein 
needed was the same whether the steers had been managed for compensatory gain or 
continuous gain. The two treatment groups in this study also did not show any differences 
in final body composition. In fact, Eversole et al. (1981) reports that steers fed a less 
energy dense diet had lower carcass gain and lower protein gain per day. Fox et al. (1972) 
is in agreement with Eversole et al. (1981) on their findings in regards to backgrounded 
cattle taking longer to finish. Evaluating maturation from a different perspective, Rieley 
et al. (2007), provided heritability estimates on the ratio of BW to hip height. The lowest 
heritability was on the first weight date (h2 = 0.21) and it was the greatest after the cattle 
had been on feed for 170d (h2 = 0.64). These findings indicate that body weight: hip 
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height ratio is more influenced by environment during early stages of the growth curve 
and more highly influenced by genetics in the latter stages of the growth curve. 
Klosterman et al. (1968) report that at equal condition scores mature cows from Hereford 
and Charolais decent post quite similar weight: height ratio’s despite their noticeable 
difference in mature skeletal size. The obvious difference between these two studies was 
the stage of maturity that the cattle were being evaluated at; in the later study there is no 
opportunity for change in skeletal growth due to the age of the cattle. And thus the 
weight: height ratio can only be altered through environment via change in weight 
brought on by differences in the diet.             
 One study that does clearly support the theory that reduced energy does not lead 
to an increase in skeletal growth is that of Jesse et al. (1976). In their study there were 56 
Hereford steers that were fed one of four rations. Corn silage was used as the 
roughage/low energy feedstuff and the lowest percentage of corn silage within a diet was 
70%. Their findings did not show differences in the composition of the steers at their 
respective end points. Another study of a similar nature is that of Guenther et al. (1965), 
this study was conducted using 36 small framed Hereford steers. These steers were 
marketed after approximately 205 kg of post weaning gain. The experimental groups 
were set up such that one treatment group was on a high energy dense diet throughout the 
feeding phase until they weighed 424.5 kg. There were two treatment groups on a low 
energy dense diet for the entire feeding period. The first one was harvested at the same 
time as the previously mentioned treatment and had an average live weight of 394.1 kg at 
the time of harvest. The second low energy diet group was fed to approximately the same 
end weight as the steers fed the high energy diet; their end weight was 440.4 kg. The two 
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diets consisted of varying levels of corn and cottonseed hulls. Their results indicated that 
plane of nutrition does not effect the muscular, fat, or skeletal deposition; particularly at a 
common end weight.     
Studies such as these warrant further investigation towards the industries long 
time belief that lower energy dense diets extend the growth curve in beef cattle. 
Particularly when one considers the studies conducted by Guenther et al. (1965) and Jesse 
et al. (1976) neither of which offered treatment groups that were backgrounded in a 
manner that represents the industries standard of backgrounding.                      
Warm vs. Cool Season Grasses  
 Both warm and cool season grasses offer appeal to producers in the beef cattle 
business. Warm season grasses will exhibit growth during the warmest and driest months 
of the year, when cool season grasses are often dormant (Cheeke, 1999). Warm season 
grasses have been shown to be resistant to breakdown in the rumen (Akin, 1986; Jones et 
al., 1988), but do tend to have a slower rate of passage (Reid et al., 1990). This finding 
may be interrupted as a counter action because it has also been shown that dry matter 
digestibility and intake does not differ between ruminants receiving warm vs. cool season 
grass hays (Reid et al., 1990). When dealing with warm season forages, researchers agree 
that it is imperative that they be harvested at an early age to capture their peak nutrient 
value (Griffin et al., 1980; Anderson and Matches, 1983; Vona et al., 1984). In fact, 
Anderson and Matches (1983) found that Switchgrass and Caucasian bluestem are best if 
harvested by the time “they begin to joint.”        
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CHAPTER 3.  
MATERIALS AND METHODS 
 A one year study was conducted using 112 (116 while on pasture) fall born steer 
calves purchased from the Stewart Ranch in Caddo, Oklahoma. The parent study was a 
four year study conducted at the Western Iowa Research Farm near Castana, Iowa, and 
was reported by R.A. Edler (2005). Edlers’ study summarized the weight performance, 
carcass traits, and economic differences between four treatments, which are defined later 
in the text. Stewart Ranch was chosen due to their ability to supply a group of calves 
consistent in there genetic makeup and age. All of the calves were sired by either 
Hereford or Angus bulls and out of Hereford or Hereford x Angus cows. Prior to leaving 
the Stewart ranch they were vaccinated and backgrounded. Trucking consisted of 
approximately a twelve hour trip that was made in a possum-belly tractor trailer. Steers 
arrived at the Western Iowa Research farm on April 23 and were provided a ration of mid 
bloom alfalfa hay at 2% of BW. As a precautionary measure they were also fed 
chlortetracycline (Aureo S 700) at a rate of 0.5 gram per head per day, and amprolium 
(Corid) was incorporated into the water at 10 mg per kilogram of BW. These 
prophylactic treatments were implemented for the first seven and five days, respectively, 
following arrival. The day before the trial began, all steers were identified with a 
numbered eartag and provided an insect control tag (Cutter Blue). Also, that day they 
were given an injection of ivermectin/ clorsulon (Ivomec Plus), implanted with 24 mg 
estradiol 17 beta (Compudose), and sorted into their respective treatment groups. 
Treatment groups along with penning assignments were randomized, but sorted such that 
the average weight of each treatment was near equal and so that the differences in coat 
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color were approximately equally distributed across treatment groups. The trial began on 
May 7th, at which time steers were weighed and placed into there assigned pens.  
 The three feeding facilities consisted of a feedlot, pasture containing cool season 
grasses, and pasture containing warm season grass. The feedlot pens were 87 feet long 
and 14 feet wide and consisted of total cement flooring and cement fence-line bunks 
located on the south end of the pens. The feedlot was made up of 16 continuous pens 
which offered a three sided shelter covering the north 23 feet of all pens. Fencing 
between pens was made of wooden post and steel rails, and height adjustable steel cables 
made up the fence above the fence-line bunks.  A two pen sequence utilized a common 
water source, which was located in the adjoining fence-line near the shelter. While in the 
feedlot each treatment group was assigned four adjacent pens and steers were assigned 
pens within each treatment. Treatment groups in the feedlot consisted of 28 head which 
were equally divided between the four pens assigned to there respective treatment group.  
The cool season grass used in this study was smooth bromegrass; this 41 acre 
pasture was surrounded by a five strand barbwire fence and was divided into twenty-four 
1.7 acre paddocks which were separated by electric fence. This was a highly managed 
rotational system as it was fertilized every year in late April with 100 lb of nitrogen per 
acre and again in August with 80 lb of nitrogen per acre. The rotational strategy was such 
that each treatment group of steers were rotated between paddocks every three to four 
days when grass was growing rapidly and every two days during the slower growing 
period. The warm season paddocks consisted of four quadrants of four different forage 
profiles 1) pure stand of bluestem, 2) mixed stand of bluestem and legume, 3) pure stand 
of switchgrass and, 4) mixed stand of switchgrass and legume. This pasture was 
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surrounded by and divided with the same fencing materials used in the cool season 
pasture system. Due to the warm season grasses growth curve, it was only fertilized in 
late April of each year, with 40 lb of nitrogen per acre. The warm season pasture totaled 
16 acres and was divided into one acre paddocks. Steers were grouped four to a paddock 
and each quadrant had two groups of steers on it. Steers were rotated on a two week 
schedule within their assigned quadrant. At the onset of the trial through the grazing 
portion of the trial 32hd of steers were used in the WP treatment. To uniformly represent 
the four pens that they would later be finished in, two steers from each pen went into each 
quadrant of the warm season pasture. At the time of entry into the feedlot the steer 
weighing the closest to the average of the pen of eight steers was removed, so that all 
feedlot pens throughout the trial contained seven steers. Steers had access to both water 
and a Sweetlix Rumensin Block in each paddock throughout both pasture systems. 
 All steers were managed the same in the following regards. Performance data, 
weight and hip height measurements were collected at approximately 28 d intervals. On 
the scheduled days that measurements were obtained, each treatment group was taken to 
the scale house individually from the pasture system and one pen at a time from the 
feedlot. The handling facility consisted of a coral system and a working chute that was 
equipped with a certified scale. Steers entered the chute individually at which point they 
were weighed and hip height measured. The hip height measurement was taken with a 
Spring-O-Matic Altitude Stick. Once a pen or treatment group had been completed they 
were returned as a group. No feeding was done on the days measurements were taken 
until all steers had been returned to their designated pens. 
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At the time of entry into the feedlot, steers were adjusted to an 82% concentrate 
diet (2.89 Mcal/kg ME) over the course of four to six weeks. This diet consisted of whole 
shell corn, alfalfa hay, molasses, and a soybean meal supplement that contained the 
proper balance of vitamins, minerals, and monensin (Rumensin). Once treatment 
averages for the cattle was approximately 800 lb the soybean meal supplement was 
replaced with a urea based supplement. Bunks were read each morning prior to feeding 
and feed levels were increased only if 50% or more of the treatment groups feed had been 
consumed. All treatment groups were handled with equality in regards to implanting 
strategy as they were all reimplanted with Revalor-S, an implant containing 24 mg 
estradiol and 120 mg trenbolone acetate, at approximately 100 d prior to harvest. 
Knowing the genetic background, age, and skeletal stature of these steers, along with 
visual appraisal and closely monitored growth records, it was determined that a 1250 lb 
average live weight was the ideal finish weight. Steers were harvested at Tyson Fresh 
Meats in Denison, Iowa, approximately 32 miles from the Western Iowa Research Farm.  
 Carcass data was collected at the packing plant approximately 24 hr post harvest; 
this was done without delaying the time carcasses spent in the harvesting facility. Livers 
were observed during harvest and abscesses recorded. Hot carcass weight (HCW), yield 
grade (YG), quality grade (QG), kidney pelvic and heart fat (KPH), back fat (BF), and rib 
eye area (REA) where collected on each carcass.        
The four treatment groups consisted of the feedlot (F), July feedlot (JF), October 
feedlot (OF), warm pasture (WP). At the onset of each years trail the F steers were placed 
in their pre-assigned pen and fed continuously in the feedlot according to the regiment 
given previously. The JF steers were placed on rotational cool season grass paddocks (1-
12 
16) until July 2, and then placed into the feedlot for the finishing phase. The OF treatment 
was rotated among the cool season pasture paddocks (1-16) until September 24, at which 
time they were placed into the feedlot for the finishing phase. The WP treatment was 
rotated among cool season pasture paddocks (17-24) until June 18 (42 days on test), at 
which time they were rotated among the warm season paddocks. This treatment remained 
on the warm season grasses through August 13 (98 days on test). Once removed from the 
warm season pasture they were placed back on their respective cool season paddocks (17-
24) and allowed to graze until September 24, at which time they were placed into the 
feedlot for the finishing phase.  
 Feed consumption was measured by the amount of feed allocated to each pen on a 
daily basis. Dry matter analysis was obtained on the feedstuffs using a Campbell 
Scientific convection oven; samples were weighed prior to entry into the oven and again 
after being in the oven for at least 48 hours at a temperature of 221 degrees F. Daily DM 
intakes per steer were then calculated. 
 
Statistical Analysis 
 A mixed model repeated measures analysis was implemented to make inference 
about the expected value of treatment means in this experiment (Littell et al., 1998; Littell 
et al., 2000; Littell et al., 2006). This was done in terms of treatment and time effects in 
the model. For example estimates of differences between treatment means at fixed time 
and differences between means at different times for the same treatment are provided. 
These are inferences about fixed effects in the model.  
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CHAPTER 4.  
RESULTS AND DISCUSSION 
 In this study three analyses were conducted, skeletal growth as measured by hip 
height (HH), weight (WT), and the ratio of WT to HH. As was expected, the treatments’ 
affect on rate of growth as measured by weight and HH was easily distinguishable, 
except between OF and WP (Figure 1 and Table 1). There was no difference in weight 
between OF and WP treatments at all fixed days from 0 to 344 days on test (P < 0.05), 
which is attributed to the similarities in their nutritional regimen. Not only was the 
nutritional value of cool and warm season grasses very similar (Reid et al., 1990), but 
also, the management schemes provided to the cattle continued to be very similar. All 
other times spent by WP cattle on pasture were done so with the same cool season grass 
and same management practices as was done with the cattle in OF. In addition for the OF 
cattle, the seasonal depression in bromegrass forage growth was amply compensated for 
by the vacated pasture made available by the JF cattle removed to drylot. 
 When analyzing the HH measurements of this set of treatments two evaluations 
can be made (Figure 1). First, nutritional plain positively effects rate of skeletal growth. 
Second, delaying the increase of body mass does not create additional skeletal growth as 
measured by HH at a common end weight or point of maturity. Results clearly illustrate 
the influence of nutrient intake and its effect on skeletal growth. Cattle in treatment F 
were placed on high concentrate diet at the onset of the trial had the most rapid growth 
rate and consequently the steepest growth curve slope. Cattle in treatment JF posted an 
intermediate slope reflecting their initial exposure to pasture, followed by placement on 
the high concentrate diet on day 56. Cattle in OF and WP treatments and on pasture for 
14 
140 days exhibited lesser and similar slopes as compared to F and JF treatment. However, 
all treatments F, JF, OF, and WP;(Figure 1 and Table 1) had similar average HH 
measurements of 51.2, 51.2, 51.4, and 51.2 in, respectively, when harvested at a common 
end weight and maturity (Figure 2 and Table 2). Encompassing these findings results in 
the acknowledgement that nutrition does not alter the skeletal size at a common maturity 
Figure 1. Effect of management on hip height growth. 
or end point, nor that reduced nutritional intake lends itself toward increase skeletal size 
or growth at any stage in the growth curve. These findings are in agreement with 
Guenther et al. (1965) and Jesse et al. (1976). The primary difference in the latter two 
studies and our study is that no grain was utilized during the low energy intake period in 
our study and thus, treatments JF, OF, and WP more truly represents the industries 
standard of “backgrounding.” These findings do not, however, agree with those reported 
by Callow (1949), Dolezal et al. (1993), and Owens et al. (1995). Both Callow (1949) 
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and Dolezal et al. (1993) conclude that periods of reduced energy intake lend toward 
larger frame end points, but their reports were based on cattle that were developed on low 
energy diets for periods of time that resulted and classified their cattle as long yearlings 
or older in the case of the Callow (1949) study. More advanced skeletal growth in 
circumstances such as in their studies would be better explained by the greater difference 
in age at time of harvest rather than nutritional intake at the onset of each respective trial. 
The summarization of many studies done by Owens et al. (1995) does not allow for 
continuity in genetics. Although their report clearly states that a nutritional depression 
can increase “mature size” it is acknowledged that “statistical differences in end-point 
composition are minimal,” genetic influence on tissue growth must not be ignored and 
that cattle were not acquired from nor “analyzed within” a common genetic source. 
 The change in weight of each treatment followed expectations, as energy intake 
increased, so did rate of weight gain (Figure 2 and Table 2). This experiment was 
designed such that treatments were harvested at a common end point which was 
determined by close evaluation of performance and visual appraisal of degree of finish. In 
doing so, treatments (F, JF, OF, and WP) were harvest at 1287.9 (at day 274), 1265.7(at 
day 288), 1273.0 (at day 344), and 1293.8 (at day 344) lb, respectively.  
 In regards to the ratio of body weight to hip height, the ratio reflects the data 
obtained for HH and WT (Figure 3 and Table 3). The slope’s represented by the ratio’s 
given are similar relative to each other, as compared to the slopes found in the HH and 
weight data sets. In addition, the end point ratios are close and were 25.1, 24.7, 24.8, and 
25.4, respectively, for treatments F, JF, OF, and WP which is representative of the end 
point data found in both HH and WT. By evaluating these two traits as one unit allows 
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for complete summation of their interactions as determined by energy intake due to 
differences in management schemes. Our findings in regards to the ratio reassure the 
hypothesis that at a common state of maturity, beef cattle are genetically predisposed to a 
“body type” and that nutritional plane effects only the pathway in which is taken to this 
point of relative maturity. These findings are in agreement with the findings of Riley et 
al. (2007), where it was found that environment had less of an influence on the ratio of 
 
Figure 2. Effect of management on weight growth. 
WT:HH as the feeding period progressed and heritability increased with days on feed. In 
addition, the change in ratio as found in this study explains the illusion that scholars such 
as Callow (1949), Dolezal et al. (1993), and Owens et al. (1995) along with many 
industry professionals have referred to as “letting the skeleton develop” in order to obtain 
larger cattle. More specifically, if the WT:HH ratio is assumed as an illustration of body 
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mass index, the separation in lines represents differences as such. Thus, one must respect 
the thought process leading people to the interpretation that reduced energy intake allows 
for an increase in skeletal growth; and know that in this study there are in fact differences 
in the relationship of skeletal verses all other tissue growth, brought on by differences in 
management of energy intake. Although the ratio during the growth phase is a valid point 
of discussion it is imperative that two findings are not lost sight of, 1) similarity of ratios 
at a common weight, 2) at no point during the growing phase, after the acclimation to 
each treatment’s feeding regimen, is the F treatment ever exceeded in HH, nor is the JF 
treatment ever exceeded in HH by any treatment besides treatment F.   
 
Figure 3. Effect of management on weight: hip height ratio.                   
 Also, strengthening the findings made with in this study is the parent study 
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and ending live weights, or hot carcass weights, or quality and yield grades between the 
four treatments across all four years.           
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CHAPTER 5.  
SUMMARY 
 This study confirms three important aspects of the beef cattle industry 1) reduced 
energy intake does not produce cattle that have a greater HH measurement at any point 
during the growing phase, or at a common end weight and stage of maturity as visually 
appraised, 2) an increase in energy intake leads to a more rapid increase in WT gain, and 
3) an increase in energy intake leads to a more rapid increase in WT gain as compared to 
HH gain, but does not result in any differences in the ratio at a common end weight. As 
suggested by the results, differences in the nutritional management of steer calves from a 
similar genetic background will not alter the ending phenotypic measurements in regards 
to HH, WT, and the ratio of WT:HH, thus backgrounding steer calves does not impact 
skeletal size at a common harvest weight.             
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APPENDIX 
 
Table 1. Least squares means of hip height growth (in)   
 Days Feedlot July feedlot October feedlot Warm pasture 
 On  (F)    (JF)   (OF)   (WP)  
 Test1 𝑋 SE 𝑋 SE  𝑋 SE  𝑋 SE  
0 40.9a 0.181 41.4b 0.177 41.6b 0.166 41.5b 0.146 
28 42.2a 0.149 42.3a 0.148 42.3a 0.145 42.3a 0.129 
422 42.8a 0.139 42.7a 0.139 42.7a 0.138 42.7a 0.123 
56 43.5a 0.132 43.2a 0.132 43.0b 0.132 43.1a 0.110 
84 44.7a 0.128 44.1b 0.127 43.8b 0.127 44.0b 0.116 
982 45.2a 0.128 44.5b 0.127 44.2bc 0.126 44.4bc 0.116 
112 45.8a 0.128 45.0b 0.127 44.5bc 0.125 44.8bc 0.116 
140 46.9a 0.130 45.9b 0.129 45.3bc 0.126 45.5bc 0.118 
168 47.9a 0.129 46.9b 0.129 46.1bc 0.127 46.3bc 0.119 
196 48.8a 0.128 47.9b 0.128 46.9bc 0.127 47.1bc 0.120 
224 49.7a 0.127 48.9b 0.126 47.7bc 0.126 47.9bc 0.119 
252 50.6a 0.133 49.9b 0.127 48.6bc 0.125 48.7bc 0.118 
2743 51.2a 0.147 50.7b 0.133 49.2bc 0.125 49.3bc 0.118 
280 . . 50.9a 0.136 49.4b 0.125 49.4b 0.118 
2883 . . 51.2a 0.140 49.7b 0.125 49.7b 0.119 
308 . . . . 50.3a 0.127 50.2a 0.122 
336 . . . . 51.1a 0.136 51.0a 0.130 
3443 . . . . 51.4a 0.139 51.2a 0.134 
1 Least-square means within a row with different superscripts differ (P < 0.05). 
2 Management change at respective days on test for WP treatments. 
3 Final height at 274d, 288d, and 344d, respectively, for treatments F, JF, OF, and WP. 
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Table 2. Least squares means of weight growth (lb) 
 Days Feedlot July feedlot October feedlot Warm pasture 
 On  (F)    (JF)   (OF)   (WP)  
 Test1 𝑋 SE 𝑋 SE  𝑋 SE  𝑋 SE  
0 388.5a 10.086 390.1a 9.808 459.4bc 9.165 452.7bc 8.127 
28 482.4a 8.114 449.6b 8.046 485.4c 7.863 478.8c 7.046 
422 529.2a 7.486 481.4b 7.468 501.1c 7.407 494.7c 6.691 
56 575.9a 7.077 514.6b 7.075 518.6b 7.071 512.5b 6.447 
84 668.9a 6.764 585.2b 6.735 558.8bc 6.704 553.6bc 6.231 
982 715.2a 6.764 622.5bc 6.714 581.6b 6.637 577.0b 6.219 
112 784.5a 6.834 681.1bc 6.765 619.2b 6.626 615.6b 6.267 
140 853.5a 6.896 742.8bc 6.833 660.7b 6.668 658.4b 6.346 
168 945.2a 6.881 829.9bc 6.856 722.4b 6.730 722.1b 6.435 
196 1036.4a 6.773 922.5bc 6.777 791.1b 6.743 793.2b 6.464 
224 1127.1a 6.745 1020.6bc 6.673 867.0b 6.693 871.9b 6.430 
252 1217.3a 7.129 1124.3bc 6.745 950.1b 6.614 958.0b 6.375 
2743 1287.9a 7.961 1209.6bc 7.115 1020.3b 6.586 1030.9b 6.373 
280 . . 1233.5a 7.284 1040.2b 6.592 1051.6b 6.388 
2883 . . 1265.7a 7.564 1067.3b 6.614 1079.8b 6.422 
308 . . . . 1137.5a 6.762 1152.8a 6.600 
336 . . . . 1215.1a 7.112 1233.5a 6.978 
3443 . . . . 1273.0a 7.515 1293.8a 7.397 
1 Least-square means within a row with different superscripts differ (P < 0.05). 
2 Management change at respective days on test for WP treatments. 
3 Final weight at 274d, 288d, and 344d, respectively, for treatments F, JF, OF, and WP. 
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Table 3. Least squares means of weight: hip height ratio      
 Days Feedlot July feedlot October feedlot Warm pasture 
 On  (F)    (JF)   (OF)   (WP)  
 Test1 𝑋 SE 𝑋 SE  𝑋 SE  𝑋 SE  
0 9.7a 0.198 9.4b 0.193 10.9bc 0.181 10.9bc 0.158 
28 11.5a 0.161 10.6b 0.160 11.4a 0.156 11.3a 0.138 
422 12.3a 0.149 11.3b 0.149 11.7c 0.148 11.6c 0.132 
56 13.2a 0.142 11.9b 0.142 12.0b 0.142 11.9b 0.127 
84 14.9a 0.136 13.3b 0.136 12.8c 0.135 12.6c 0.124 
982 15.7a 0.136 14.0b 0.135 13.2c 0.134 13.0c 0.123 
112 16.6a 0.137 14.7b 0.136 13.6c 0.133 13.5c 0.124 
140 18.2a 0.138 16.1b 0.137 14.6c 0.134 14.4c 0.126 
168 19.7a 0.138 17.6b 0.138 15.6c 0.135 15.5c 0.127 
196 21.2a 0.136 19.2b 0.136 16.8c 0.136 16.8c 0.128 
224 22.7a 0.136 20.8b 0.134 18.1c 0.135 18.1c 0.127 
252 24.1a 0.143 22.5b 0.136 19.5c 0.133 19.6c 0.126 
2743 25.1a 0.158 23.9b 0.143 20.6c 0.133 20.9c 0.126 
280 . . 24.2a 0.146 21.0b 0.133 21.2b 0.126 
2883 . . 24.7a 0.151 21.4b 0.133 21.7b 0.127 
308 . . . . 22.6a 0.136 23.0b 0.130 
336 . . . . 24.3a 0.146 24.9b 0.140 
3443 . . . . 24.8a 0.150 25.4b 0.144 
1 Least-square means within a row with different superscripts differ (P < 0.05). 
2 Management change at respective days on test for WP treatments. 
3 Final ratio at 274d, 288d, and 344d, respectively, for treatments F, JF, OF, and WP. 
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Figure 1. Effect of management on hip height growth including dates of management 
change.  
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Figure 2. Effect of management on weight growth including days of management 
change. 
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Figure 3. Effect of management on weight: hip height ratio including dates of 
management change.  
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